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METHODS AND APPARATUSES FOR ELECTROCHEMICAL-MECHANICAL 

POLISHING 

TECHNICAL FIELD 

[0001] The present invention relates generally to microfeature workpiece 

processing, and more particularly relates to methods and apparatuses for 
electrochemical-mechanical polishing and/or planarization (ECMP) of 
microfeature workpieces. 

BACKGROUND 

[0002] Integrated circuits typically originate from semiconductor wafers. The 

production of semiconductor wafers is based on a number of different operations, 
including masking, etching, deposition, planarization, etc. Typically, planarization 
operations are based on a chemical mechanical planarization (CMP) process. 
During CMP processes, a wafer carrier holds and rotates the semiconductor wafer 
while the wafer contacts a CMP pad. In particular, during the planarization 
process, the CMP system applies pressure to the wafer carrier causing the wafer 
to press against a polishing surface of the CMP pad. The wafer carrier and/or the 
polishing surface of the CMP pad are rotated relative to each other to planarize 
the surface of the wafer. 

[0003] Another method for planarizing wafers includes electrochemical- 

mechanical planarization (ECMP), in which electric potentials are applied to the 
wafer while it undergoes a CMP process. In a conventional ECMP system an 
electric potential is applied to the wafer with an electrolytic planarizing liquid. The 
electric potential applied to the wafer causes metal ions to be driven from the 
metal layer of the wafer via electropolishing, while additional material is removed 
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via electrochemical-mechanical polishing. Accordingly, the over removal rate is 
characterized by the following equation: 

(1) Removal rate = electropplishing (EP) rate + electrochemical-mechanical 

polishing (ECMP) rate, 
where the EP rate is the rate at which material is removed solely by electrical 
polishing, and the ECMP rate is the rate at which material is removed by the 
chemical solution in combination with both the physical application of the pad to 
the surface of the wafer and additional electrical interactions. However, the 
uncontrolled application of both electropolishing and ECMP to the wafer may not 
produce an overall material removal rate that is acceptably uniform. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] Figure 1 is a schematic side view of a system for removing material from a 

microfeature workpiece using electrochemical-mechanical polishing techniques in 

accordance with an embodiment of the invention. 
[0005] Figure 2 is a schematic side view of the system shown in Figure 1 , during 

polishing of a microfeature workpiece in accordance with an embodiment of the 

invention. 

[0006] Figure 3 is a schematic top view of a polishing pad and electrodes 

configured in accordance with an embodiment of the invention. 

[0007] Figure 4 is a flow diagram for removing material from a workpiece via 

electrochemical-mechanical polishing in accordance with an embodiment of the 
invention. 

DETAILED DESCRIPTION 

[0008] The present invention is directed toward methods and apparatuses for 

removing material from microfeature workpieces by electrochemical-mechanical 
polishing. A method in accordance with one aspect of the invention includes 
contacting a microfeature workpiece with a polishing surface of polishing medium, 
placing the microfeature workpiece in electrical communication with a first 
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electrode and a second electrode, with at least one of the electrodes being 
spaced apart from the microfeature workpiece, and disposing a polishing liquid 
between the polishing surface and the microfeature workpiece. At least one of the 
microfeature workpiece and the polishing surface is moved relative to the other 
Electrical current is passed through the electrodes and the microfeature 
workpiece to remove material from the microfeature workpiece while the 
microfeature workpiece contacts the polishing surface. At least a portion of the 
polishing liquid is passed through at least one recess in the polishing surface so 
that a gap in the polishing liquid is located between the microfeature workpiece 
and a surface of the recess facing toward the microfeature workpiece. 

[0009] In further particular aspects of the invention, the microfeature workpiece 

can be rotated relative to the polishing pad. Removing material from the 
microfeature workpiece can include removing at least a first portion of the material 
by electrochemical-mechanical polishing and removing no material by 
electropolishing, or removing a second portion less than the first portion by 
electropolishing. The microfeature workpiece can be rotated at a rate of from 
about 50 rpm to about 500 rpm, and the polishing liquid can be disposed at the 
rate of less than one liter per minute. 

[ooio] An apparatus in accordance with another aspect of the invention includes a 

support member configured to releasably carry a microfeature workpiece at a 
polishing position. First and second electrodes are positioned to conduct 
electrical current to a microfeature workpiece when the workpiece is carried by 
the support member, with at least one of the electrodes being spaced apart from 
the workpiece when the workpiece is carried by the support member. A polishing 
medium is disposed between at least one electrode and the support member with 
at least one of the polishing medium and the support member being movable 
relative to the other. The polishing medium has a polishing surface with at least 
one recess positioned to receive a polishing liquid. The least one recess has a 
recess surface facing toward the support member and spaced apart from the 
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polishing surface to allow polishing liquid in the recess to form a gap between the 
polishing position and the recess surface. 

[0011] In further particular aspects of the invention, the recess can have a 

dimension generally normal to the polishing surface of from about 0.5 mm to 
about 10 mm, and in still a further particular embodiment, from about 2 mm to 
about 4 mm. In yet another particular embodiment, the recess surface includes a 
surface of the at least one electrode, and the polishing surface faces upwardly 
toward the support member. 

[0012] As used herein, the terms "microfeature workpiece" or "workpiece" refer to 

substrates on and/or in which microelectronic devices are integrally formed. 
Typical microdevices include microelectronic circuits or components, thin-film 
recording heads, data storage elements, microfluidic devices, and other products. 
Micromachines and micromechanical devices are included within this definition 
because they are manufactured using much of the same technology that is used 
in the fabrication of integrated circuits. The substrates can be semiconductive 
pieces (e.g., doped silicon wafers or gallium arsenide wafers), nonconductive 
pieces (e.g., various ceramic substrates) or conductive pieces. In some cases, 
the workpieces are generally round, and in other cases the workpieces have other 
shapes, including rectilinear shapes. Several embodiments of systems and 
methods for removing material from microfeature workpieces via electrochemical- 
mechanical polishing (ECMP) are described below. A person skilled in the 
relevant art will understand, however, that the invention may have additional 
embodiments, and that the invention may be practiced without several of the 
details of the embodiments described below with reference to Figures 1-4. 

[0013] References in the specification to "one embodiment" or "an embodiment" 

indicate that the embodiment described may include a particular feature, 
structure, or characteristic, but every embodiment may not necessarily include the 
particular feature, structure, or characteristic. Moreover, such phrases do not 
necessarily refer to the same embodiment. Further, while a particular feature, 
structure, or characteristic may be described in connection with a particular 
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embodiment, such a feature, structure, or characteristic can also be included in 
other embodiments, whether or not explicitly described. 

[0014] Embodiments of the invention can include features, methods or processes 

embodied within machine-executable instructions provided by a machine-readable 
medium. A machine-readable medium includes any mechanism that provides 
(i.e., stores and/or transmits) information in a form accessible by a machine (e.g., 
a computer, a network device, a personal digital assistant, manufacturing tool, or 
any device with a set of one or more processors). In an exemplary embodiment, a 
machine-readable medium includes volatile and/or non-volatile media (e.g., read 
only memory (ROM); random access memory (RAM); magnetic disk storage 
media; optical storage media; flash memory devices; etc.), as well as electrical, 
optical, acoustical or other form of propagated signals (e.g., carrier waves, 
infrared signals, digital signals, etc.). 

[0015] Machine-executable instructions are used to cause a general or special 

purpose processor, programmed with the instructions, to perform methods or 
processes in accordance with embodiments of the invention. Alternatively, the 
methods can be performed by specific hardware components which contain hard- 
wired logic for performing the operations, or by any combination of programmed 
data processing components and specific hardware components. Embodiments 
of the invention include software, data processing hardware, data processing 
system-implemented methods, and various processing operations, further 
described herein. 

[0016] A number of figures show block diagrams of systems and apparatuses for 

electrochemical-mechanical polishing, in accordance with embodiments of the 
invention. A number of figures show flow diagrams illustrating operations for 
electrochemical-mechanical planarization. The operations of the flow diagrams 
will be described with references to the systems shown in the block diagrams. 
However, it should be understood that the operations identified, in the flow 
diagrams can be performed by systems and apparatuses other than those 
discussed with reference to the block diagrams, and the systems and apparatuses 
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can perform operations different than those described with reference to the flow 
diagrams. 

[0017] Figure 1 is a schematic illustration of a system 100 for removing material 

by ECMP in accordance with an embodiment of the invention. The system 100 
can include a carrier or other support member 118 configured to hold a 
microfeature workpiece 116 having a surface 117 that is to be polished or 
planarized at a polishing plane 119. The support member 118 can rotate about 
an axis 122. In one embodiment, a rotation speed of the support member 118 
holding the microfeature workpiece 116 during polishing ranges from 
approximately 10 rotations per minute (rpm) to about 500 rpm. In further 
particular embodiments, the support member 118 rotates at from about 50 rpm to 
about 200 rpm, or at about 1 00 rpm. 

[0018] A platen 104 can be positioned proximate to the support member 118. The 

platen 104 can support a plurality of electrodes 112, each having an electrode 
surface 140 facing toward the workpiece 116. The electrodes 112 can be coupled 
to an electrical potential source 106. In one aspect of this embodiment, the 
source 106 includes an alternating current source configured to deliver a varying 
current to the electrodes 112. The current can have a sinusoidal variation, a 
sawtooth variation, superimposed frequencies, or other repeating or non- 
repeating patterns. Further embodiments for providing the electrical current are 
disclosed in pending U.S. Application No. 09/651,779 filed August 30, 2000 and 
incorporated herein in its entirety by reference. In any of these embodiments, 
some of the electrodes 112 can be coupled to one pole of the source 106 (at a 
first potential) and other electrodes 112 can be coupled to another pole of the 
source 106 (at another potential) to provide a current path that passes from one 
electrode 112 through the workpiece 116 to another electrode 112, in a manner 
described in greater detail below. 

[0019] In a particular embodiment shown in Figure 1, electrodes 112 coupled to 

both poles of the source 106 are spaced apart from the microfeature workpiece 
116. In another embodiment, one or more electrodes 112 coupled to one of the 
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poles can be in direct contact with the microfeature workpiece 116. For example, 
one or more of the electrodes 112 can be placed in direct contact with conductive 
material at the surface 1 17 of the workpiece 116. In another arrangement, one or 
more of the electrodes 112 can contact a back surface 1 19 of the workpiece 116, 
with internal circuitry of the workpiece 116 providing a conductive link to the 
opposite surface 117. 

[0020] The platen 104 can also support a polishing medium that includes a 

polishing pad 114. The polishing pad 114 can include a plurality of polishing pad 
portions 114a, each of which is formed from a polishing pad material. Suitable 
polishing pad materials are available from Rodel, Inc. of Phoenix, Arizona. In an 
embodiment shown in Figure 1, the polishing pad portions 114a are positioned 
between neighboring electrodes 112 and are spaced apart from each other. In 
another embodiment, the polishing pad portions 114a are connected to each 
other. In any of these embodiments, each polishing pad portion 1 14a can include 
a polishing surface 130 positioned to contact the workpiece 116. In a further 
aspect of these embodiments, the polishing surfaces 130 are positioned in a 
different plane than the electrode surfaces 140. For example, when the platen 
104 is positioned beneath the support member 118, the polishing surfaces 130 
are above the electrode surfaces 140. If the positions of the platen 104 and the 
support member 118 are inverted, the polishing surfaces 130 are positioned 
below the electrode surfaces 140. In either embodiment, the different locations of 
the polishing pad surfaces 130 and the electrode surfaces 140 define channels or 
recesses 150 between neighboring polishing pad portions 1 14a. 

[0021] In one aspect of the arrangement shown in Figure 1 , the polishing pad 114 

can have a lateral extent greater than that of the workpiece 1 16 to accommodate 
relative movement between the polishing pad 114 and the workpiece 116. In 
another embodiment, the polishing pad 114 can be smaller than the workpiece 
116 and can traverse over the workpiece 116 during material removal processes. 
Further arrangements of polishing pads and adjacent electrodes are disclosed in 
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pending U.S. Application No. 10/230,970, filed August 29, 2002 and incorporated 
herein in its entirety by reference. 

[0022] The platen 104 can be coupled to a motor/driver assembly (not shown) that 

is configured to rotate the platen 104 about an axis 102, in addition to, or in lieu of 
rotating the support member 118. Accordingly, rotation of the platen 104 and/or 
the support member 118 provides for relative movement between (a) the 
workpiece 116 and (b) the electrodes 112 and the polishing pad surfaces 130. 

[0023] The system 100 can include a conduit 120 configured to dispense a 

polishing liquid 160 in such a manner that the polishing liquid 160 becomes 
interposed between the polishing surfaces 130 and the surface 117 of the 
microfeature workpiece 116 from which material is to be removed. In one 
embodiment, the conduit 120 delivers the polishing liquid 160 from underneath 
the polishing pad 114 to the polishing surfaces 120 through openings in the 
polishing pad portions 114a, described in more detail below with reference to 
Figure 3. 

[0024] In one embodiment, the polishing liquid 160 includes tetramethylammonium 

hydroxide (TMAH). The polishing liquid 160 can also include a suspension of 
abrasive particles (or abrasive particles can be fixedly disposed in the polishing 
pad 114). In other embodiments, the polishing liquid 160 can include other 
constituents. In any of these embodiments, the constituents of the polishing liquid 
160 can (a) provide an electrolytic conduction path between the electrodes 112 
and the workpiece 116, (b) chemically remove material from the workpiece 116, 
and/or (c) physically abrade and/or rinse material from the workpiece 116. 

[0025] Figure 2 is a partially schematic illustration of a portion of the system 100 

described above with reference to Figure 1, as it removes material from the 
microfeature workpiece 116 in accordance with an embodiment of the invention. 
As shown in Figure 2, each channel 150 between neighboring polishing pad 
portions 114a can include a channel base 151 and channel sidewalls 152 
extending away from the base 151 toward the workpiece 116. In one aspect of 
this embodiment, the sidewalls 152 can be formed by the laterally facing surfaces 
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of the polishing pad portions 114a, and the base 151 can be formed by the 
electrode surface 140 facing toward the workpiece 116. In other embodiments, 
the surfaces of each channel 150 can be formed by other structures. For 
example, the channel base 151 can be formed by a thin dielectric layer positioned 
over the electrodes 112. In another embodiment, the channel base 151 can be 
formed by a thin layer of polishing pad material that extends over the electrode 
surfaces 140 between neighboring polishing pad portions 114a. In any of these 
embodiments, each channel 150 can have a width W between neighboring 
polishing pad portions 114a a depth D between the polishing pad surface 130 and 
the channel base 151. 

[0026] When the polishing liquid 160 is disposed adjacent to the workpiece 1 16, it 

forms a layer 161 positioned between the workpiece surface 117 and the 
polishing pad surfaces 130. The layer 161 also extends into the channels 150 to 
provide electrical communication between the workpiece surface 117 and the 
electrodes 112. In one aspect of this embodiment, the layer 161 of polishing 
liquid 160 does not fill the entire channel 150. Instead, a gap 153 forms between 
the workpiece surface 117 and the channel base 151. In one aspect of this 
embodiment, the gap 153 can expose the workpiece surface 117 facing directly 
toward the channel base 151. In another aspect of this embodiment, the polishing 
liquid 160 can adhere to the workpiece surface 117, as indicated in dashed lines 
in Figure 2. In either of these embodiments, the gap 153 can at least reduce (and 
in at least one embodiment, prevent) material from being removed from the 
workpiece 1 16 by direct electropolishing. 

[0027] Material is still removed from the workpiece 1 16 by ECMP, proximate to the 

interface between the polishing pad surfaces 130 and the workpiece surface 117. 
At this interface, material can be removed from the workpiece surface 117 by (a) 
electrical interaction with current passed through the workpiece 116 from the 
electrodes 112 via the liquid layer 161; (b) chemical interaction with chemicals in 
the polishing liquid 160; and (c) mechanical interaction with the polishing pad 
surfaces 1 30. 
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[0028] Aspects of the system 100 and its operation can promote the formation of 

the gap 153 described above. For example, the depth D of the channel 150 in 
which the gap 153 is formed can be sized to promote the formation of the gap 
153. In a particular embodiment, the depth D can range from about 0.5 mm to 
about 10 mm. In a further particular embodiment, the depth D can have a value of 
from about 2 mm to about 4 mm. The channel 150 can also have a width W of 
about 0.375 inch. In yet further embodiments, the depth D and the width W can 
have other values, depending, for example, on the characteristics of the polishing 
liquid 160 (e.g., its viscosity), and/or the rate of relative movement between the 
workpiece 116 and the polishing pad 114. For example, as discussed above, the 
workpiece 116 can be rotated at a rate of from about 10 rpm to about 500 rpm or, 
more particularly, from about 50 rpm to about 200 rpm, and, still more particularly, 
at about 100 rpm. Rotating the microfeature workpiece 116 tends to move the 
polishing liquid 160 rapidly through the channels 150 via centrifugal force, thereby 
promoting the formation of the gaps 153. 

[0029] The rate with which the polishing liquid 160 is disposed at the interface 

between the polishing pad 114 and the microfeature workpiece 116 can also be 
used to control the formation of the gaps 153 in the polishing liquid 160. For 
example, the rate with which the polishing liquid 160 is dispensed can be kept 
below a threshold value to reduce the likelihood for completely filling the channels 
150, which would eliminate the gaps 153. In a particular embodiment, the 
polishing liquid 160 is dispensed at a rate of less than one liter per minute, for 
example, when the workpiece 116 has a diameter of from about 200 mm to about 
300 mm. In other embodiments, the polishing liquid 160 is dispensed at other 
rates that are low enough to allow the gaps 153 to form. 

[0030] Figure 3 is a top plan view of an embodiment of the system 100 described 

above, with the support member 118 and the workpiece 116 removed for 
purposes of illustration. The polishing pad 114 includes first channels 350a 
(generally similar to the channels 150 described above) and second or 
intersecting channels 350b that extend transversely between neighboring first 
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channels 350a. The second channels 350b can more uniformly distribute the 
polishing liquid 160 (Figure 2) over the polishing pad 114. The second channels 
350b can also provide more avenues by which the polishing liquid 160 passes 
between the workpiece 116 and the polishing pad 114, to promote the formation 
of the gaps 153 described above with reference to Figure 2. In one aspect of this 
embodiment, at least some of the second channels 350b can be in fluid 
communication with the conduit 120 (Figure 1) to provide a path by which the 
polishing liquid 160 is delivered to the polishing pad 114 and the electrodes 112. 
The second channels 350b can have a depth (transverse to the plane of Figure 3) 
that is the same as, greater than, or less than the depth D of the channels 150 
(Figure 2). 

[0031] In one aspect of an embodiment shown in Figure 3, the first channels 350a 

and the second channels 350b are oriented parallel to rectilinear, orthogonal axes 
Y and X, respectively. In other embodiments, the channels 350a and 350b can 
have other orientations. For example, the first channels 350a can extend radially 
from a common center, and the second channels 350b can be arranged 
concentrically about the center. 

[0032] Figure 4 is a flow diagram illustrating a process 470 for removing material 

from a microfeature workpiece in accordance with an embodiment of the 
invention. In process portion 471 , the microfeature workpiece is contacted with a 
polishing surface of a polishing medium, e.g. a polishing pad. The microfeature 
workpiece is then placed in electrical communication with a first electrode and a 
second electrode, with at least one of the electrodes being spaced apart from the 
microfeature workpiece (process portion 472). The process 470 further includes 
disposing a polishing liquid between the polishing surface and the microfeature 
workpiece (process portion 473) and moving at least one of the microfeature 
workpiece and the polishing surface relative to the other (process portion 474). In 
process portion 475, electrical current is passed through the electrodes and the 
microfeature workpiece to remove material from the microfeature workpiece while 
the microfeature workpiece contacts the polishing surface. In process portion 
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476, at least a portion of the polishing liquid is flowed through at least one recess 
in the polishing surface so that a gap in the polishing liquid is located between the 
microfeature workpiece and a surface of the recess facing toward the microfeature 
workpiece. 

[0033] One feature of the arrangements described above with reference to 

Figures 1-4 is that the contribution of direct electropolishing to the overall removal 
rate of material from the workpiece 1 16 (as defined by Equation 1 above) can be 
reduced in comparison to the amount of material removed by electrochemical- 
mechanical polishing. An advantage of this arrangement is that the resulting 
finish of the workpiece surface 117 may be smoother than it would otherwise be. 
In particular, direct electropolishing can result in an uneven removal of metal ions 
from the workpiece 116. By reducing the relative amount of material removed by 
direct electropolishing, this effect can be reduced or eliminated. Accordingly, the 
quality of the workpiece 1 16 after the material removal process can be improved 
when compared with existing processes. For example, the planarity of the 
workpiece surface 117 can be increased. An advantage of this feature is that 
extremely small structures can be more reliably and accurately formed on or in the 
workpiece surface 117, which improves the quality and reliability of electronic 
components formed from the workpiece 1 1 6. 

[0034] From the foregoing, it will be appreciated that specific embodiments of the 

invention have been described herein for purposes of illustration, but that various 
modifications may be made without deviating from the spirit and scope of the 
invention. For example, adjacent electrodes such as those shown in Figure 2 may 
be coupled to the same pole of the electrical potential source 106. The 
electrodes can have shapes and orientations different then those shown in 
Figures 2 and 3 depending, for example, on the characteristics of the workpiece 
116 being processed. Accordingly, the invention is not limited except as the 
appended claims. 
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